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TITLE OF THE INVENTION 

Radiation Detection Device and Method of Making the 

Same 

RELATED APPLICATION 

The present application is a continuation-in-part 
application of U.S. Application No. 09/247,298, filed 
February 10, 1999, the complete disclosure of which is 
incorporated herein by reference, which is the national phase 
of international application PCT/ JP98/00550 , filed February 
12, 1998 which designated the U.S. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a radiation detection 
device; and, in particular, to a radiation detection device 
having a light-receiving portion with a large area, which 
is used for medical X-raying and the like. 
Related Background Art 

While X-ray sensitive films have conventionally been 
used for medical and industrial X-raying, radiation imaging 
systems using a radiation detection device are becoming 
pervasive due to their convenience and the storability of 
their photographed results . Such a radiation imaging system 
uses a radiation detection device having a plurality of pixels 
so as to acquire, as an electric signal, two-dimensional 
image data formed by a radiation, and processes thus obtained 
signal with a processing unit, so as to display it on amonitor . 
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A typical radiation detection device is configured such that 
a scintillator is disposed on one- or two-dimensionally 
arranged photodetectors so as to convert the incident 
radiation into light, which is then detected. 

Csl, atypical scintillator material , is a hygroscopic 
material which dissolves by absorbing vapor (moisture) in 
the air. As a result, characteristics of the scintillator, 
such as resolution in particular, have disadvantageously 
deteriorated. 

Knownas a radiation detection devicehaving a structure 
for protecting the scintillator against moisture is the 
technique disclosed in Japanese Patent Application Laid-Open 
No. 5-196742. In this technique, a water-impermeable 
moisture-proof barrier is formed on the upper side of the 
scintillator layer, thereby protecting the scintillator 
against moisture. 
SUMMARY OF THE INVENTION 

In the above-mentioned technique, however, it is hard 
for the moisture-proof barrier in the outer peripheral 
portion of the scintillator layer to come into close contact 
with the substrate of the radiation detection device. In 
particular, in a radiation detection device having a large 
area used for chest X-raying or the like, due to its long 
outer peripheral portion, there is a fear of peeling off 
the moisture-proof barrier . Hence, the hermetic sealing of 
the scintillator layer might become incomplete, moisture 
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penetrates into the scintillator layer, it might cause a 
problem that deteriorates characteristics of the 
scintillator layer. 

Also, the above-mentioned technique discloses a method 
5 of making amoisture seal layer for the moisture-proof barrier 

in which a silicone potting material or the like is coated 
on the scintillator layer in a liquid state or coated inside 
a window member disposed on the light-receiving surface side 
of the radiation detection device and then the window member 

10 is disposed on the scintillator layer before the moisture 

seal layer is dried, thereby fixing the moisture seal layer. 
In this method, it is hard to uniformly form the moisture 
seal layer on a scintillator layer having an irregular surface 
form, whereby adhesion may deteriorate. This phenomenon 

15 tends to occur in radiation detection devices having a large 

area, in particular. 

In view of the foregoing problems, it is an object of 
the present invention to provide a radiation detection device 
having a uniform protective film, which is easy to make, 

20 for protecting the scintillator against moisture; and a 

method of making the same. 

In order to achieve this obj ect , the radiation detection 
device of the present invention comprises: (1) a 
light-receiving device array in which a plurality of 

25 light-receiving devices are one- or two-dimensionally 

arranged on a substrate; (2) a scintillator layer deposited 
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on said light-receiving devices and provided with columnar 
crystals; (3) an organic film formed over the top and side 
surfaces of the scintillator layer and the substrate surface 
around the scintillator layer and intruding into gaps among 
the top part of said columnar crystals to cover the 
scintillator layer. 

As a consequence, the incident radiation is converted 
into detectable light with the light-receiving device by 
the scintillator layer. As the resulting light image is 
detected by the one- or two-dimensionally arranged 
light-receiving devices, an electric signal corresponding 
to the incident radiation image is obtained. The 
scintillator layer has a characteristic of deteriorating 
by absorbing moisture. In the present invention, however, 
since the scintillator layer is covered with the organic 
film, and this film intrudes into gaps among the top part 
of the scintillator layer, the scintillator layer is 
completely hermetically sealed so as to be isolated from 
the external atmosphere, thus being protected against vapor 
in the air. 

This organic film may be preferably fixed to the 
substrate around the scintillator layer. Thereby the 
organic film securely fixed to the substrate and hermetically 
sealed the scintillator layer. 

The present invention will be more fully understood 
from the detailed description given hereinbelow and the 
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accompanying drawings, which are given by way of illustration 
only and are not to be considered as limiting the present 
invention- 
Further scope of applicability of the present invention 
5 will become apparent from the detailed description given 

hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way 
of illustration only, since various changes andmodif ications 
10 within the spirit and scope of the invention will be apparent 

to those skilled in the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top plan view showing an embodiment of the 
present invention, whereas Fig. 2 is an enlarged sectional 
15 view thereof taken along the line II-II; 

Figs. 3 to 10 are views showing manufacturing steps 
of the embodiment in accordance with Figs. 1 and 2; and 

Fig. 11 is a top plan view showing another embodiment 
of the present invention, whereas Fig. 12 is an enlarged 
20 sectional view thereof taken along the line XII-XII. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, preferred embodiments of the present 
invention will be explained with reference to the drawings. 
To facilitate the comprehension of the explanation, the same 
25 reference numerals denote the same parts, where possible, 

throughout the drawings, and a repeated explanation will 
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be omitted. Also, the dimensions and forms in each drawing 
are not always identical to those in practice but include 
parts exaggerated to facilitate understanding. 

Fig. 1 is a top plan view showing an embodiment of the 
5 present invention, whereas Fig. 2 is an enlarged sectional 

view of its outer peripheral portion taken along the line 
II-II. 

First, the configuration of this embodiment will be 
explained with reference to Figs. 1 and 2. On an insulating 

10 substrate 1, such as that made of glass, for example, 

light-receiving devices 2 for effecting photoelectric 
conversion are arranged two-dimensionally, so as to form 
a light-receiving portion. Each light-receiving device 2 
is constituted by a photodiode (PD) made of amorphous silicon 

15 or a thin-film transistor (TFT) . The light-receiving 

devices 2 in the respective rows or columns are electrically 
connected to each other via signal lines 3 for reading out 
signals. Aplurality of bonding pads 4 for taking out signals 
to an external circuit (not shown) are disposed along outer 

20 peripheral sides, e.g., two adj acent sides, of the substrate 

1 and are electrically connected to their corresponding 
plurality of light-receiving devices 2 via the signal lines 
3. An insulating passivation film 5 is formed on the 
light-receiving devices 2 and signal lines 3. For the 

25 passivation film 5, silicon nitride or silicon oxide is 

preferably used. On the other hand, the bonding pads 4 are 
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exposed for connection with the external circuit. In the 
following, this substrate and the circuit portion on the 
substrate are referred to as a light-receiving device array 
6. 

Formed on the light-receiving portion of the 
light-receiving device array 6 is a scintillator 7, having 
a columnar structure, for converting an incident radiation 
into visible light. Though various materials can be used 
for the scintillator 7, Tl-doped Csl or the like, which has 
a favorable emission efficiency, is preferable. Laminated 
on the scintillator 7 are a first organic film 8, an inorganic 
film 9, and a second organic film 10, each transmitting X-rays 
therethroughbutblockingvapor, thereby forming a protective 
film 11. 

As the first organic film 8 and the second organic film 
10, a poly-para-xylylene resin (manufactured by Three Bond 
Co., Ltd.; trade name: Parylene) , such as 
poly-para-chloroxylylene (manufactured by the same company; 
trade name: Parylene C) in particular, is preferably used. 
The coating film made of Parylene has excellent 
characteristics suitable for the organic films 8, 10 in that, 
for example, it transmits therethrough only a very small 
amount of vapor and gasses, has high water repellency and 
chemical resistance, exhibits excellent electrical 
insulation even in a thin film, and is transparent to radiation 
and visible light. The details of the coating with Parylene 
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are described in Three Bond Technical News (issued September 
23, 1992), and their characteristics will be noted here. 

Parylene can be coated by chemical vapor deposition 
(CVD) method in which it is vapor-deposited on a support 
in vacuum as with the vacuum vapor deposition of metals. 
This method comprises a step of thermally decomposing 
p-xylene, which is a raw material, and rapidly cooling the 
resulting product in an organic solvent such as toluene or 
benzene, so as to yield di-para-xylylene which is known as 
dimer; a step of thermally decomposing this dimer so as to 
generate a stable radical para-xylylene gas; and a step of 
causing thus generated gas to be absorbed and polymerized 
on a material so as to form a poly-para-xylylene film having 
a molecular weight of about 500,000 by polymerization. 

The pressure at the time of Parylene vapor deposition 
is 0.1 to 0.2 torr, which is higher than the pressure in 
the case of metal vacuum vapor deposition, 0.001 torr. Upon 
vapor deposition, a monomolecular film covers the whole 
material to be coated, and then Parylene is further 
vapor-deposited thereon. Consequently, a thin film having 
a thickness as small as 0.2 |*m can be formed with a uniform 
thickness in the state free of pinholes. Therefore, the 
coating on acute angle portions, edge portions, and narrow 
gaps of the order of microns, which has been impossible with 
liquid materials, can be effected. Also, the coating can 
be effected at a temperature close to room temperature, 
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without needing heat treatment and the like at the time of 
coating. As a consequence, mechanical stress or thermal 
distortion accompanying hardening would not occur, and the 
coating is excellent in stability as well . Further, coating 
is possible with respect to almost any solid material. 

For the inorganic film 9, various materials such as 
those transparent, opaque, or reflective to visible light 
can be used as long as they can transmit X-rays therethrough. 
Oxidized films of Si, Ti, and Cr, and metal thin films of 
gold, silver, aluminum, and the like can be used. In 
particular, a film reflective to visible light is preferably 
used, since it is effective in preventing fluorescence 
generated in the scintillator 7 from leaking out, thereby 
enhancing sensitivity. Here, an example using Al which is 
easy to shape will be explained. Though Al itself is likely 
to corrode in the air, the inorganic film 9 is protected 
against corrosion since it is held between the first organic 
film 8 and the second organic film 10. 

The outer periphery of the protective film 11 extends 
to the inside of the bonding pads 4 between the respective 
outer peripheries of the light receiving portion and the 
light-receiving device array 6, whereby the bonding pads 
4 are exposed for connection with the external circuit . While 
this protective film 11 is formed by the above-mentioned 
Parylene coating, since it is formed by CVD method, it is 
formed such as to cover the whole surface of the 
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light-receiving device array 6. Therefore, in order to 
expose the bonding pads 4 , it is necessary that the protective 
film 11 formed by the Parylene coating be cut inside the 
bonding pads 4, and the outer part of the protective film 
5 11 be removed. In this case, the protective film 11 would 

be likely to peel off from the outer peripheral portion acting 
as the cutting portion. Therefore, the outer peripheral 
portion of the protective film 11 and the passivation film 
5 portion of the light-receiving device array 6 at the outer 
10 periphery thereof are coated and covered with a coating resin 

12. 

For the coating resin 12, a resin which favorably 
adheres to the protective film 11 and passivation film 5, 
such as WORLD ROCK No. 801-SET2 (70, 000 cP type) manufactured 

15 by Kyoritsu Chemical Industries Co . , Ltd. , which is an acrylic 

adhesive, for example, is preferably used. This resin 
adhesive is hardened in about 20 seconds upon UV irradiation 
at 100 mW/cm 2 . Thus hardened coating film is soft but has 
a sufficient strength, is excellent in resistances to 

20 moisture, water, galvanic corrosion, and migration, 

favorably adheres to various materials such as glass, 
plastics, and the like in particular, and thus has favorable 
characteristics as the coating resin 12. 

The manufacturing process of this embodiment will now 

25 be explained with reference to Figs. 3 to 10. As shown in 

Fig. 4, columnar crystals of Tl-doped Csl are grown according 
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to vapor deposition method by a thickness of 600 \m on the 
light-receiving surface of the light-receiving device array 
6 shown in Fig. 3, so as to form a layer of the scintillator 
7. 

Csl, which forms the layer of scintillator 7 is highly 
hygroscopic, so that it dissolves by absorbing vapor in the 
air when left exposed. In order to prevent this phenomenon 
from occurring, as shown in Fig. 5, CVD method is used for 
enveloping the surfaces of the whole substrate with Parylene 
at a thickness of 10 ^m, thereby forming the first organic 
film 8. Though there are gaps among the columnar crystals 
of Csl, Parylene intrudes into these narrow gaps, whereby 
the first organic film 8 comes into close contact with the 
scintillator layer 7. Further, the Parylene coating yields 
a precision thin film coating with a uniform thickness on 
the layer of scintillator 7 having irregularities. Since 
Parylene can be formed by CVD at a lower vacuum than in the 
case with the metal vapor deposition and at normal temperature 
as mentioned above, it can be processed easily. 

Further, as shown in Fig . 6, anAl filmhaving a thickness 
of 0.15 nm is laminated on the surface of the first organic 
film 8 on the entrance side by vapor deposition method, thus 
forming the inorganic film 9 . Then, by using CVD method again, 
the surface of the whole substrate is coated with Parylene 
at a thickness of 10 yim as shown in Fig. 7, thereby forming 
the second organic film 10. This second organic film 10 
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prevents the inorganic film 9 from deteriorating due to 
corrosion. 

Thus formed protective film 11 is cut with an excimer 
laser or the like along the outer periphery of the 
light-receiving portion at the part inside the bonding pads 
4 between the light-receiving portion and the outer 
peripheral portion of the light-receiving device array 6 
as shown in Fig. 8, and then, from thus cut portion, the 
unnecessary parts of the protective film 11 on the outer 
side thereof and the rear side of the entrance surface are 
removed as shown in Fig. 9, so as to expose the bonding pads 
4 for connection with the external circuit. Since the 
passivation film 5 and the first organic film 7 disposed 
as the lowermost layer of the protective film 11 do not adhere 
well to each other, the protective film 11 will be likely 
to peel off if the cut outer peripheral portion is left as 
it is. Therefore, as shown in Fig. 10, the outer peripheral 
portion of the protective film 11 and the part of the 
passivation film 5 therearound are coated and covered with 
the coating resin 12, which is then hardened upon UV 
irradiation, whereby the protective film 11 closely adheres 
onto the light-receiving device array 6. As a consequence, 
the scintillator 7 is hermetically sealed, whereby resolution 
can be prevented from deteriorating due to moisture 
absorption. 

The operation of this embodiment will now be explained 
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with reference to Figs. 1 and 2. An incident X-ray 
(radiation) from the entrance surface side is transmitted 
through the protective film 11 made of the first organic 
film 8, inorganic film 9, and second organic film 10, so 
as to reach the scintillator 7. This X-ray is absorbed by 
the scintillator 7, which emits visible light in proportion 
to the dose of the X-ray. Of thus emitted visible light, 
the part directed opposite to the incident direction of the 
X-ray is reflected by the inorganic film 9. As a consequence, 
substantially all the visible light generated by the 
scintillator 7 is made incident on the light-receiving device 
2 located downstream the scintillator 7. Hence, efficient 
detection can be effected. 

In each light-receiving device 2, an electric signal 
corresponding to the light quantity of the visible light 
is generated by photoelectric conversion and is stored for 
a predetermined period of time. Since the light quantity 
of the visible light reaching the light-receiving device 
2 corresponds to the dose of the incident X-ray, the electric 
signal stored in each light-receiving device 2 corresponds 
to the dose of the incident X-ray, whereby an image signal 
corresponding to an X-ray image is obtained. The image 
signals stored in the light-receiving devices 2 are 
sequentially read out from the bonding pads 4 via the signal 
lines 3, transferred to the outside, and processed in a 
predetermined processing circuit, whereby the X-ray image 
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can be displayed. 

Though the foregoing explanation relates to the 
protective film 11 having a configuration in which the 
inorganic film 9 is held between the first and second organic 
films 8, 10 made of Parylene, the first organic film 8 and 
the second organic film 10 may be made of materials different 
from each other. Also, when a material highly resistant to 
corrosion is used for the inorganic film 9, the second organic 
film 10 per se may be omitted. 

Though an example in which the coating resin 12 is formed 
on the passivation film 5 outside the part of the 
light-receiving device array 6 formed with the 
light-receiving devices 2 is explained here, it will be 
difficult to form the resin coating 12 at a boundary portion 
between the light-receiving device 2 and the bonding pad 
4 if they are located close to each other. For securely 
exposing the bonding pad 4 and securely coating the periphery 
of the protective film 12 with the coating resin 12, it is 
preferred that the position of the coating resin 12 be shifted 
toward the light-receiving device 2. To this end, the 
scintillator 7 is not formed on the whole surface on the 
light-receiving devices 2 but on the light-receiving devices 
2 in the effective screen area excluding the pixels near 
the bonding pads 4. Then, after the protective film 11 is 
formed all over the formed layer of scintillator 7, the 
protective film 11 is coated with the coating resin 12 on 
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the pixels of the light-receiving devices 2 whose upper face 
is not formed with the scintillator 7. In this case, since 
the pixels near the bonding pads 4 are covered with the coating 
resin 12 or are free of the scintillator 7 on the front side, 
5 their sensitivity to the radiation decreases. As a result, 

these pixels are unusable, thus reducing the number of 
effective pixels and effective screen area in the 
light-receiving devices 2. When the light-receiving 
devices 2 constitute a large screen and have a large number 

10 of pixels in total, however, the ratio of the ineffective 

pixels is small and, depending on the configuration of devices, 
they may yield a merit that manufacturing becomes easier. 

With reference to Figs. 11 and 12, another embodiment 
of the present invention will now be explained. Fig. 11 is 

15 a top plan view of the radiation detection device in accordance 

with this embodiment, whereas Fig . 12 is an enlarged sectional 
view thereof taken along the line XII-XII. Since the basic 
configuration of this device is basically the same as that 
of the embodiment shown in Figs. Iand2, only their differences 

20 will be explained in the following. 

In the embodiment shown in Figs. 11 and 12, the 
protective film 11 is formed on the whole surface of the 
light-receiving device array 6 on the light-receiving surface 
side and the rear side, exposing only the bonding pad array 

25 4 portion. The coating resin 12 is coated along the 

boundaries (edges) of the protective film 11 such as to 
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surround the exposed bonding pad array 4 portion. Since the 
bonding pad 4 portion is securely exposed, and the protective 
film 11 securely adheres to the light-receiving device array 
6 with the aid of the coating resin 12, the layer of 
scintillator 7 is hermetically sealed, whereby it can be 
prevented from deteriorating due to moisture absorption in 
this embodiment as well. 

This embodiment is effective in that it can reduce the 
length of the edge portion acting as a boundary portion which 
may cause the protective film to peel off, in particular, 
in the case of CCD or MOS type imaging devices in which the 
bonding pad 4 portion is small. 

Further, though the foregoing explanation relates to 
so-called surface entrance type radiation detection devices 
in which radiation is incident thereon from the scintillator 
side on light-receiving devices, the present invention is 
also applicable to so-called rear face entrance type 
radiation detection devices . Such a rear face entrance type 
radiation detection device can be used as a high-energy 
radiation detection device. 

The moisture-resistant protecting film is not limited 
to above-mentioned multilayer film , the single layer organic 
film made of Parylene or the like can be also applied. 

As explained in the foregoing, for protecting a highly 
hygroscopic scintillator, a protective film made of Parylene 
or the like is formed on the scintillator, and edges of the 
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protective film are bonded to the light-receiving device 
array with a resin coating of acrylic or the like, whereby 
the scintillator layer is hermetically sealed in accordance 
with the present invention. Inparticular, since the peeling 
5 from the edges of the protective film is prevented from 

occurring, resistance to moisture would be improved. 

In the manufacturing method of the present invention, 
the protective film is formed and then unnecessary parts 
thereof are removed, whereby the protective film in a uniform 

10 state is formed more easily as compared with the case where 

the protective film is formed on only necessary parts, while 
securely exposing the bonding pads. Also, since the 
protective film penetrates through the gaps among the 
deposited columnar crystals in the scintillator layer as 

15 well, the adhesion between the protective film and 

scintillator layer increases. 

From the invention thus described, it will be obvious 
that the invention may be varied in many ways. Such 
variations are not to be regarded as a departure from the 

20 spirit and scope of the invention, and all such modifications 

as would be obvious to one skilled in the art are intended 
for inclusion within the scope of the following claims. 
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